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n this will be the ratio of annual 
ion to the annual amount of energy 


am passing through the swept area 


lue of the Overall Eficiency, this 
average annual wind speed and calculated 


g standard procedure: 


1 wind speed, calculate the Rayleigh 
stribution. From this probability 
ured Power Curve (power versus wind 
tc the standard procedure specified 
te the average power and the average 
ssuming operation 8760 hours per year. 
ull load), CT, is then the average 
vided by the Energy Input Per Year, 


3 for the corresponding annual average 


Average Load), CTA (fraction) 





iency of the system operating for the 


the capacity factor (3.6). 


will vary from year to year and from 
asured and recorded the ten minute 
the year at some location and the 
luction, the Overall Efficiency, CTA, 


lay readily be calculated. 


al value of the Overall Efficiency, 


r years from several stations must be 





Note: 









When the efficiency is calculated, it is convenient to divide 


it into several individual efficiencies, So that the overall 






efficiency can be written as a product of these efficiencies. 


Overall efficiency: 






At least six individual efficiencies can be singled out: 


















The power coefficient, CP 
The gear efficiency, CG 
The generator efficiency, CD 
The plant load factor, CL 
The efficiency of storage, C3 
Array efficiency CA 





3.8.1 The power coefficient CP of the turbine is a function 
of the wind speed and the operational characteristics of the 
WECS. The standard method of obtaining CP, is described in 


It is assumed that the WECS is operated optimally. 












3.8.4 The plant load factor CL is calculated under the assumption 


that all produced energy can be utilized, that is, when the 


wind is favorable, energy wili be produced optimally and then 


delivered. 



























When the WECS are built in arrays, the interaction between the 






turbine wakes will result in a decrease in the overall efficiency 






compared with the attainable efficiency with no interaction. This 






array effect should be accounted for by quoting an array efficiency. 





3.9-3.11 
ranges used for planning purposes. 


3.9 


















Design and Licensing Time, TD (year) 





Time from start of design to start of construction. 





3.10 Construction Time, TD (year) 









3.11 Technical Life Time, TL (year) 





start of decommissioning. 









3.12 Land Use, A (ոշ) 










4. COST DATA 


All cost elements involved in the construction and operation 








Quote average area needed per WECS. 


Indicate time parameters in terms of averages and 
















Time from start of construction to commercial operation. 


Time from start of commercial operation tv end of life, or 


of the system are included in the breakdown. The cost 


figures refer to the year of the first commercial service 


(3.2) and are expressed in constant 1980 US dollars (annual 


average). Costs expressed in other currencies and for a different 


year should first be converted into the 1980 value of that 


currency and then converted to dollars using average 1980 exchange 


rates. 


When listing the cost elements special attention should be 


drawn to assessing the uncertainty in the cost estimates by 
as defined. This 
the Capital Cost 


providing data for the probability entries 


particularly important and interesting for 


6.1. 6.8, 4.5. 
Rei Cost (4,9.. 


4.4, 


6.87, 


the O&M Cost (4.6, 


4.7) and the 






















is 














4.1 Construction Cost, CC ($/kW of design capacity) 











The construction cost includes the -^^st of 












- components and material 
- direct and indirect labour 
- architect/engineers fee (design and management 










of the construction) 














Contingency allowances are included, wherever needcd, and 
selected such that the estimate includin« contingency is the 


most probable total construction cost of the system. 




















Note: 








Different methods of break-down into subdivisions may be used, 







but the following ground rules should be recognized: 




































ւ. The system definition should be kept in mind. The extent 
of including transmission lines and equipment for the 

regulation of power and power quality, should be clearly 

de fined. 









The break-down into subdivisions or classification of 


t 


costs should be detailed enough to separate 








site-dependent versus site independent cost 














owners cost and manufacturers cost 














- components and materials that may be produced/delivered 


by different manufacturers/companies 


- cost items that are expected to undergo different 
future cost developments (that is, cost of labour 
may decrease while cost of energy intensive goods 


like concrete and steel may increase). 


An example of cost break-down is the following: 





Blades 

Hub & Pitch Control 

Gearbox % Drive Train 

Generator 

Tower & Yaw Mechanism 

Control equipment, instrumentation 
Electrical equipment other thin generator 
Installation/Commissioning 

Spares 

Transportation 


4.2 Owner's Cost, OC ($/kW of design capacity) 





This item includes all expenses which are not directly part 
of the constructic. business but are paid by the owner for 


the set-up of a plant. The following items should be include: 


- Ccst of land 

- Site preparation 

- Foundations/infrastructure 
- Licenseing fees 

- Cost of preliminary studies 
- Others 


4.3 Interest During Construction, IDC ($/kW of design capac 





This is evaluated using a common real interest rate of 6$ pe 
year during the construction time (3.10). In addition, in ou 
appendix, specify your assessment of the real long-term inte 
rate which is applicable to the technology assessment, i.e. 


nominal interest rate observed in the market less inflation. 


For a single turbine the construction per:>d may be short, s 
it is sufficient to assume all equipment paid for at a certa 


time before commercial operation. For larger power plants 
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— 
REFERENCE CHARACTERIZATION OF 
CONVERSION AND PRODUCTION TECHNOLOGIES 
4.8 Grid Connection Cost, GCC ($/kW of design capacity) STF ۱ T | 
consisting of several turbines purchased at different times, 4.5.2 Annualized_vLapli22 1022 ' PTU CM MM CROTOY cenversson syovess. 
a detailed calculation of capital expenses during construction T Capital Cost, TCC, times annualization factor. The i 
p p u 9194 vaga լ | ۱ This item includes all expenses for connecting the WECS to the ORGANISATIONAL DATA 3.9 
should be performed. annualization factor or capital recovery factor (a) for constant pe ۱ ۱ ۱ | à; 
transmission grid, i.e. cost of mains, transformer devices, 1.1 Serial N 1.5 Dat 
j mputations is ù ۱ ` . erıal no.: . ate: ۰ 
4.4 D issioning C DC ($/kW of desi ity) "man switch fields, pipelines, land use etc. Because the Grid 3.10 
e ecommissionin ost 0 esign capacit i T ۱ 
' 5 P y i Connection Cost depends on the penetration of the technology 1.2 Assessor: 1.5 Phone No.: 3.11 
mi -n into the energy supply system and on specific site-dependent 1.4 Locati 
ù à ۱ Å s i Հ " e catior 
Specify the likely cost of dismantling the plant after permanent 1- (1*1) air TW | | inii q. 
hutd facilities, it is necessary to give a brief description of the —— 
shutdown. 
۰ ù : £3 ; i 2. SYSTEM DATA 
where n is *he economic lifetime (TE), and modification of the connection system. կ. 
4.4.1 i is the common interest rate of 6%/yr 2.1 Generic Technology Area: 4.1 
"—— ———— A 4.9 Research and Development Cost, RDC (Multiples of $) 
Give the Decommissioning Cost discounted to the start of commercial 4.6 Fixed Operating and Maintenance Cost, FOM 
a i i ۱ l : . 2.2 System Description: 
peration using the discount factor ($/kW of design capacity) For technologies in the R&D phase: y p 
1 Give an estimate of all expenses for research, development 
Qn | «Ր | | 
(1+i) The manner in which O&M costs are split into fixed and variable and demonstration until full commercial availability of the 
components can be somewhat arbitrary and should not be taken technology with respect to the inherent uncertainty in the Site Locati 4.2 
" e ù n e ê e 1 Ocation: " 
where n is the technical lifetime, and as imperative. Fixed O&M costs should cover, as an average over estimates providing data for the probability ranges as specified. mm ni 
' ስ á ۱ | i | | Ù lı „3 
እ ፲ 
ኾ i is the common interest rate of 6%/yr -he technical lifetime, the following items which preferably | Medion 10% Probability 
should be specified: 4.10 Input Fuel Cost, FC ($/kWh of main output) Unit Value of Being با , پا‎ 
4.5 Total Capital Cost, TCC ($/kW of design capacity) Less Sreater با , پا‎ 
" Labour cost WECS have very small fuel costs. Use of electricity for control Than Than լ 
TCC = CC + OC Հ IDC Հ DDC - Cost of repairs and workshops etc., should be treated as an internal loss. TECHNICAL DATA " 
- Replacements of parts | Ù 4,5. 
۱ | | 3.1 Design Capacity, PD 
4.5.1 Economic Lifetime - Material consumption (except feed) 4.11 Total Production Cost, TPC ($/kWh of main output) 4.5 
Պր" | i d i First Commercial Service Y i 
This is the time during which the capital cost of the technology Rents, tanos and 2699686968 mr * 
is re. Calcuiate the total production cost of the technology using 3.3 Energy Inputs per year, EIN | 
| 4.7 Variable Operating and Maintenance Cost, VOM the following formula: 
ity) | Energy Outputs per year 
Note that this can be shorter than the technical lifetime for ($/kWh of main output) (Full Load), EOUT 
TPC = ACC * FOM + VOM + FC 
f several reasons. CF ° 8760 
k The figure contains all O8M costs which are proportional to or 
a - The available money has a shorter bayback period dependent on the operation time of the system. Replacements of 4.7 
۳0 - The laws of taxation are such that it is economical parts having a shorter lifetime than the total system, should 
with a shorter amortization period be included. Specify major parts like the rotor blades, if they 
| | "n Maximum Annual Availability, 
- Alternative technologies may become available at have to be replaced before the spesified life of the WECS has vailability, TA 
a lower cost expired. Capacity Factor, CF 4.8 
o that ۱ 
6 Overall Efficiency (Full Load), CT و , با‎ 
If the figures are used for the purpose of comparing different — 
| j 3.8 Overall Efficiency با‎ 
WECS or the comparison with other energy technologies, the economical (Average Load), CTA | s 


























ljfe time is most conveniently set egual to the technical lifetime. 





















Design and Licensing Time, TD 
Construction Time, TC 
Technical Life Time, TL 


Land use, A 


10% Probability 











Unit Value of Being 
Less Greater 
Than Than 

year 

year 

year 





COST DATA (in 1980 Prices) 


Construction Cost, CC 














Owner's Cost, OC 
Interest During Construction, IDC 
Decommissioning Cost, DC 

l Discounted Decommiss. Cost, DDC 
Total Capital Cost, TCC 

1. Economic Lifetime, TE 

‚2 Annualized Capitai Cost, ACC 


Fixed O&M Cost, FOM 











Variable O&M Cost, VOM 








Grid Connection Cost, GCC 
R&D Cost, RDC 
) Input Fuel Cost, FC 


Total Production Cost, TPC 
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